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(57) Abstract 

PROBLEM TO BE SOLVED: To contrive to form 
quantum dots in high density and with good 
uniformity in a short period and to the sarVffev degree 
as the size of the quantum dots. \ 

SOLUTION: A metal structure 11 having an acute 
point as an STM chip and an AFM chip is made to 
approach the surface of a semiconductor substrate 
10, and when an electrical pulse 12 Is applied to 
this structure 11, line projected matters 13 which 
are several tens to several nm in their diameter and 
height are formed on the surface of the substrate 
10. After this, when a semiconductor uftrathin film 
layer 14 is grown epitaxJafly on the surface of the 
substrate including the projected materials 13, line 
recesses 15 are formed directly over the projected 
materials 13. After this, when quantum dot raw 
materials 16 are fed to the surface of the ultrathin 
film layer 14 including the recesses 15, quantum 
dots 17 having a size of 10 nm or thereabouts are 
formed only In the parts of the recesses 15. In this 
method, since the STM chip can be moved to an 

-1- 



accuracy of one nm, the two-dimensional array of the 
quantum dote in the period of several tens of urn, 
that Is, the short period of the same level as the 
size of the quantum dots is possible, whereby the 
quantum dots of a high density are obtained. 
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[ff**u ^ff*s« do) n&m^ 
temftxi-m&&m>t>i$.?>&Mmm} (id ^ss* 

L#>, rftKttW^ (12) £EWhH-£*IcJ; t). 
BfflEfflE (10) ©*ffil::ttiWlfc38e*> (13) 
Ii«l8i> 

jiuf53§jg^ (13) £^ti«£SeBlc, ¥*g{fclg»IBIJf 

(14) ^x^^Jf^/i'Mit, awaigfi«j(i3)oia: 

ilcta^l* (15) «r«j*-*-5SS2©Ig£, 
HWEffi* (15) Sr-^tpj@*^e (14) *ffi(c, fffKy 
MR**** (16) «r#*&i-ar klz£ 9, sufeS^ (l 

5) 0-Sl$X(i:£-C£-sSo-r, SWSi^Ky (1 

6) t^rifcft-ti-S^f-Ky h (17) Z1&&i-Z>m3<D 
IS i: ilsts Z.b&Vmt-tZlfrh'vh ©ffM*i£. 

[If** 2 ] ft** 1 (C|E«c(D*T- K y b (DWtf&ljm 
K*3<^T, itfJffi&JSWffigfe (11) 

(W) » 6& (Pt) » Xfi^v^/KOi/^ixd^^^tS 
ffi jgb£¥tt&JK 5 r i «r4$« k -t 5 SFP K y b <OW 

[If** 3 ] tf ** 1 (Cf5«6<75*^- K y h ©Jt&fcfrS: 
(cis^T, i!fJl&&JS«it^ (ll) ^, 5 ^7 7.7-1/ 

(w) „ e& (pt) , xts^v'^/Kov^nd^iSia^ 

&JRa»e>fc5i?j» (18) i:. 1WIE-M6 (18) 

a. mefe* (is) .t?) hm&&.v>&mfrhtez>mm 

(19) i«r*tfrt*rW»i:-*-6*f-Ky hro^fig^ 

[«** 4 ] it** i iciatto*^ k v b <Di&f£jjm 

Utfa^X, ffttE&«Wtig49 (11) til 

«ur (stm) m^fflfifmrn. (afm) ^y 

7", i£W*aE3!3te5NH*« (NSOM) J-y^<Dl^ 

Iff** 5 ] If** 1 (cfatt»#T- K y h <DMf£Jj& 
\ZtS^X. BfrlE^fe (13) .RtfltiJiESS^ (15)© 
t^fXiS50t/^-h/U (nm) ^rST'fc^ r k 
Wl k -T 5 4^ K y b © Jfcfifcfcr&c 

[IS** 6 ] If** 1 lC|E*c©4^- K y h <rm&35&. 
(dJo^T, ffiC^ftSftlKJI (14) tJi^mffES^K 
yVffltiPt (16) S^CIl^If 
&Zfa&tztem&mx*hZ^kZ'ftmk-fZ>-S;*Vy b 

[»** 7 ] ft** i icsEtt©*^- k y b ommsrn 

Iwfewr, lft£¥3Mtie&IKff (14) joil^fiflfEi^FK 
yMSW (16) ©*l^-g-*3i±;6^ S^cil^i© 
*M^fcHt-C*>5#£\ mJfEik-f'- K y h IW-W&r (16) 
iSitflfflfE^WfrSWBIJi (14) GaAs 
/AlGaAs, sfeVMilrixGaj^As/InP (x=0. 53), SfctMlI 
n x Ga 1 _ x As y P 1 _ y / InP (x=0. 7, y=0. 65) , M4In x Ga 
j-xAs/AlASySbj.y (x=0. 53, y=0. 56) , ggl/MilnP/ Al 
ASxSbj.x (x=0. 56) X'&> 9 . 

MK^ai^ffBW d4) is^nmmm^-b'y b!WMn 



(16) ©M^-g-fe-arT)^ Sv>(c^^©ite^-g-h>-e:T? 
*>3»S\ WEl^Ky^fi (16) fciU^StifE^ 
*#Sj¥JK)I (14) ©jfi3<-§-;fcH£te, InAs/GaAs, gfcl^ 
(4InGaAs/GaAs, ^ MilnP/GaAs, sSc</M4GaSb/GaAs, 

l£VM4GaAsSb/GaAs, sjt<,M4InGaAs/InP, sfeV^iGaA 
sSb/InP, ^V^ilnP/InAlAs.^MlGaAs/GaP, gcW4 
GaAsP/GaP, Sfcl^teZnTeSe/ZnSe, J^(4ZnSe/ZnS, 
VM4GaN/AlN, j&V M4InAlN/AlN, MilnAlN/GaN, 
}£\,V*SiGe/SiXi>Z>^k&&mk1rZ>m* Ky h©^ 

[If** 8 ] if** 1 KfEtt©*-? K y h <DMf83im 
tC*3V>T, DWBJB3©XS*S, ^f-«MS*)«ftte (MB 

E) . *m&JR£tt@i&B:8: (MOVPE) , f£*Bj£ftfe 
©v v*h,*»-e*>S r t Sr^t-fSftT K y h omjStis 

[ff ** 9 1 If** 1 (Ctett©*^ K y h <Dj&!&Jym 
[O O 0 1 i 

•So 

[0 0 0 2] 

[t^5K©SW] K=¥-v y 7°©^^3»^©»«5t 
^ Kdf-Vy7°©J£V^*#:{-J:oT2i*:7ct)U< 
l4 32fc5E(-^7toTH*ixfc, t^«^6<S3Jc5c»^-fflBS 
ttjlfi • «^T-©iWWBflS, iStt^ktcWST**) «? , # 
*©7t • *^M^S©#t LT, ie^^*»L»Sr^ 
*TV^So ^3^7£S^Cr«>«igT'fcS*^-Ky 

[0003] ^5fe*P bixfc*-?- Ky h Sr^-f-5^&© 
0Ji©act ,, ^^->-y/^fl:«101©^E(C, If hi^ 

Xlc^-f SWv^-y^S p $tifc-^^ y 102 
7>f— ft^T-^$n> t©t^y-xMBEfi:j; 

^•ffi*^|g$tfCt/>5 (fctx.(4\ Applied Physics 
Letters 68 (1996) 1811) 0 r <DZ£ffitMl&. LtzM. 

=f- y y b ©f5z«*j xismm. piol tzffimc «t 

[0 0 0 4] Lt^U w©±5^fe(4, •^^.^Sfii:^ 
-^y.ygB©sStgjgjS©M^fiJffl-f--5fc46, h^f/u^f 

stf*r«4fe«»«*$^iBDiEi--c*)S. -mzmm&mt* 
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[000 5] {b^^flcSrfflv^ft^ Ky h<DM<Dft 
m&jteMS&Jjfeti. fflPLlSs Applied Physics Letter 
s 63 (1993) 3202\Cftm£ftXl<^Z>m\£. Stransky- 
Krastanov (S-K) t-KlftiWilS^ft^-?*) 
-5c rUtt, 121 7 ft -5 ffiSlOOcD^tfy- 

*<>*/i<-j&jtltioilc, j$£Rioi £ fite^^Wi 
5, ^to#3»^SE^»*mi05*sj:tW04<8:, 

3i y X f > if ' U- T — 1 05 £ PffcEft 5 jUV >?$IRJi CD_klC . 

ft, Ky h&m&Zi><Dk LTttl £*lT^ 

[0 0 0 6] Ld»L,Ji*sp>, rw^?£-efiffip 0 aK^^olt 

[0007] t***a e>*tfc«i©ft«fi<j* s ^Mmm& 

0flx.fi, Japanese Journal of Applied Ph 
ysics 32 (1993) 2052!c}f <££;}XT^-5«I(.I, HI 8 
(C^-fr't ^Volmer-Wever(V-W)^— Kj&ft £: PffiJ ft 5 

2rffi-e*>5. rftii, 3&Rioo©j.fcr^*'>-*-^j«ftjBii 

oi©*bs\ fig*^ioi t temt£z®>n<Dm j Fmio6xm 

^GaAs<Di§-g\ ^fflj^-^-^10614, LtfUiBEjt 

(S) ^ffli^ibftS, ^MfSxfi, _h^os-K-=e— K^* 

iiiftu, mmmm. t m—wx<v k y h & a attnawK 

®J&&ft5tl^5#Jj&£;frL,T{iV'>5 0 
[0 0 0 8] Lfr^te&b, S-K-=E— Kfifcft 

XhZM.tftt&:<DiK&X'$>& 0 
[0 0 0 9] iroH^fi^jSItSfcftlc^ ifi*F, * 
hy^y^t?^ (Applied PhysicsLetters 66 (1995) 

1620) „ $&fcffl7t (Applied Physics Letters 68 
(1996) 1684) , EffiWg (Applied Physics Letter 
s 67 (1995) 256) t£ if(D^— ^itm&±Xm&ite 

T*(i, S«*ffi{i^:^®^#5o rwfcft^Srete 
— &&3l^ ( i )/^-yrot-fXi:if Ky h©i«g« 
-hi:^:#<, ^Otel-tttMt'/i^, (ii)K?h*& 

isx.W'fXfimi- ■ m^-(D^-<ji-xMm^ixtim&n 



[0 0 10] m^rW^ri-^jg^Sftia^^Jli, gSffl 
*Wfc*SiSrit*8cfc, HK*«^-tf-A (EB) tcj;^ 

Xfr^mcMWZixtzm&m^fc&mtj: Ky h 

CDmtft&^ifete h Lft 5t*^-CfcS (fc t XJiAbstract 
s of 1997 Materials Research Society FallMee 
ting, Boston, USA, 1997, p. 90, £>5Mi Abstr 
acts of the Fifth International Workshop on 
Femtosecond Technology, Tsukuba, Japan 1998, 

P . 88) „ i9i;^tJ; 5ic, *mwmmo 

0, *3«fcUWEr©'<y 77- St LT©^tf'^^r->^/ugl 

^Jt*** l %£JLk»fe -5 &J<7> ^MBEffi-e#t|& 
"TSrtJCJ;^ *PX?tl08(c:<D^*^- Ky M$tigl09£ 

IgSraeKSGHElS-efT 5 fcft , Ky h Sr^i" 5 JPX 

irV^fiJ^SrW-TSo **^^fflv^5t, iCS^ioOnni 
Ky htt«*fc^e>ix5o 

[ooi l] tr^t, aafewtc^ay^nssisoa^ 

5GaAs- i ^InP^CD|t^Sj.T*(4. 10~20nmt $ttTV^ 0 ~ 
C0<t 5 ftttftt-f X© K s/ h SrfiWB©^jfeli ± o 

y<om.fr&t>it$:%m-fZ> r t ri»P>, Buf5»7v:i08© 

p3*-rs„ 

[0 0 12] 

Wffi^-r 5 S^Ky h©Jg(KJ^«*e>n*RIB 
li. *-ff--f X^10~20nmt»fflT-fo»), {>iM J ? > f--(' X 

— K^v-w^e— K<ORg*j£©^t?li, XifiL7tJ; 5!-, 

X©Hf?B^«ij»ijs+5J-T?tt/j;*»ofc 0 rn* 
Bfc^-TSfcftlc, Jt^JgaxS-C^ft^KJclWfflffi^Sr 
iOXLfc^^ — Wt:*^iSrffli\ ;hl:s-K- K(;<t 

&£?T*fcD. ^^oADX^ffi^mic^M^tt^^fcftt- 
ftKCK? h^#ibnSfiJ*5rW-rSSS, 10~20nmt 

Sttnft-fr-i x© k j/hMsri ilitfeofc, 

[0.0 l 3] *^B^roslMii. W#^S«^Bi(3i)-^ X 
7iSi0~20nraWTT*fo 5 J: p ^^ffl^^fi t> L < (iffi^-O 
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#10~20nraT'fc-5*ip o p§f<O!;^ Ky hMIKSot 
[0 0 14] 

ISS?®^ flSh^/UWi (STM) <D^-y7><D 
«*fflfcg&«^*»10nnflft« <D \£ y d t 

r. i:l::J;oT, »10nn)Su^Ct o s/^-e/!)^o-t)-^XjoJ;T>* 

[0 0 15] BP*,, *36Wfc:«fc*Uf, ^*^S«^S 
(C, S TMOf y y© «£ 5 ft3feSS03fe«ift«»»B*&JR 
mmo\c i 9 «WB/j;^ie«j*«ritt-5!B l rati, itu 

MR t tt Jlfc 5 iN«**f 5 r. £ £ 9 . MfE 
»B&ffi^cro^lO~20nmroiM Xir^lOnin© fcT y =f- 1 

*:«r«i Ky h©f^fe^#bftS 0 
[0 0 16] 

tfB 2 Sr^Bg LTfftB^-r So 

[0017] #3S?l3©j& l ©IQtegHBtc J:*ttf, *NM*: 
(10) Affile, ifeSB*s^fe«i/j:*#Xf4a^*t»35» 
e>fifc5£JW*J6» (ID SriSgHtrL*, £.*tfc**«K« 

(12) *PPAD-t5*(CJ;i9. mJieXte (10) co^ffi 

(^i»p^^ie«9 (13) ^wtsiioisi, tme^ 

(13) &-&tt&6&tmz. *mftmmigm (u> * 

ftg* (15) ^Mt5l2©Igi s StrfEffi^ (15) 

z^&mmmm (u) fg®ic, i^K^hEw a 

6) 5rtt?^i-5r£lciJ;i9. mlfEa^ (15) (O— gBXti 
iT^rlot, iffiif Kyh®W4 (16) «r±j«#i: 
tSi^ h (17) &Mi$rrz>WS3(DTMk&-£tfZ 

[ooi8] *38W©JB2wsa©gl»ici«fe*ttf, ituIEfe 
l^SfittTBteteiSM^Ky h»jfc&ttst*SV^T, mftE 
&Mt#ig^ (11) AK ^v^TV (W) . (P 
t) , 3JI4^v^/wo^<Six*»*»e>J«5iSIBWS*»:&JR 

So 

[0 0 19] *^^<D^3W3U6^JC«tn{f, AWES? 
1 ©HWiaSt?- Ky KffM*feld*5^T. SfifE 



(id f^rx^zs (w) , e& (p 
(is) £, whom (is) &®.m-fz>. mm-L-m 

(18) J:9't)<eitjfe©^JRA»P>'icS*Wi (19) 
[0020] &&w<r>fg4<r>mw&1&lz£ti\$ > mtzgi 

l coUffiJgffilciSS^- Ky h^*jfe»Cj3VT, fflTE 
&JS«5£^ (11) » % tIShy^/H« (STM) 

^y?\ iw^ffljjmmt (afm) amif^s 

SJt^RIWK (NSOM) OV^toffcSri:^ 

[00 2 1] *3BW©SK5<o^«^tt*cJ;ixli, hubB^ 
iro|l*g^ffi{c«t5S-? Ky f^EfcfrSHCisvv-C, sfflE 
i£ig#jg*8IJi (14) ISitWBlfKj'mtm (1 

[0 0 2 2] **M©SB6«IU6JKlB^±*ttf. mflEm 

i (onwrnm^zzmff- Ky ^j&^fet-fc^-c. me 
^mvtwmmm (w) famine*? Ky nwm d 
6) ojjfi.^--£-fcHi:#^ si/ wia^tj-a-t* 

flWE*^F-Ky hJB*m (16) fci^miiS^* 
ffc@»l8IJl (14) <Dm&&trttte. GaAs/AlGaAs, gfcl^ 
(±ln x G ai _ x As/InP (x=0. 53), ^l/^lilrixGa^xASyP^y 
/ InP (x=0. 7,y=0.65), SKI MiIn x G ai _ x As/AlAs y Sb 
!_ y (x=0. 53,y=0. 56), ggVSilnP/ AlAs x Sb 1 _ x (x= 

o.56)T-fc"9, wtti¥mi#mmmm (14) ^itrntEs 

f MWS (16) <D£l^-a-;fr-tb!i^ Sv^cM^ 

oiia^t>-e-efc-5»^, twaaHf-Ky ns*m (1 
6) fci^mFia^^je^s^ (14) ©*a*^-to*tt, 

InAs/GaAs, ^1/^iInGaAs/GaAs, ^VM4InP/GaAs, 
ggV ^{iGaSb/GaAs, ScU ^{4GaAsSb/GaAs, l^V^ilnGaAs 
/InP, sKV M4GaAsSb/InP, ifet/MSInP/InAlAs, ^V^iG 
aAs/GaP, gfcl, ^(±GaAsP/GaP, ggl/ ^±ZnTeSe/ZnSe, ^ 
^(4ZnSe/ZnS,l!cVM4GaN/AlN, SVM4InAlN/AlN, ^ 
1/^fiInAlN/GaN, gfeV ^4SiGe/Si-C$>5 i t ZW^b-f 
5 4^- K y K <o?gjfc&ffi*s» hftZ> 0 

[0023] *&m<nm7<Dnmmm\z.&ixtz. mmm 
1 omrnmtBAzx&m* Ky hjg^jfei^jsv^-c, hWe 

»3©nje*s, $H*M£ftj**& (MB E) , 

^ffifigftfe (movpe) , jgffifigftjferov<5n*»-efc 

[0024] *%bj^>m 8 ronteff^icitti^ mmm 
1 commmm^x^m^ Ky hff^*?iicjo^T, mta 

5r^5rfflit?.M Ky h©JK*Sfj£jas»e>jxS. 
[0 0 2 5] i^lC*^P^W^^J(co^THlffi^#.HgL 

[0 0 2 6] 121 1 (4. *3&W<r>W, 1 W*ffiF'JtCfc-tt-5X 

^tK^HI-efoSo HI 1 (a) icm-t J: 5 Steiow^ffi 
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tcj; t>> mmmmmteMfc-tZo m 1 a>) tc^ 
^a^-is^fS^ns,, r<7?^, mi (cx^-f-j; 5 

S. *EI«>2Slfc0!l©i§£\ ^tt^llttl£tt<affiML£ 
&«^#5*SMh>"^A-^$cgi (STM) ©fy^t? 

i^iotl^. *fo@»B&ll4{4, fflRiOilS]— fc¥ 

[0 0 2 7] 0 2i4, *^WO^2tOHJS0iJ(C*5{t-5> 

18W« <3 ic, rtt± 9 fcteftL£©^a»e>fc5»Wii9 

iO©*ffi»wtelB^JI»mi9Sr±*^i:-*--5«itt^ie» 
I*Hc4 9. R»©*f-Ky h^ESc^ix-S,, 

[0028] 0 3 »4, in i <om&<Dflcit#st£mifcffl<nj: 

[0 0 2 9] *i\ HI 3 (a)tCioV^T, MBE^K^^T, 
GaAs (001) &R31±tCGa*3«t tPAs^^*-^ U G 
aAs^ h° df- ^ ,ujg 32 |rMBE(5StJ|~t" 5 □ 

[0 0 3 0] ftd, HI3 (b)tcfc^T, fftPI-SrSTICfJPX^ 
— Mi£L/cf^ STMCOtJ'^^xV (W) =f-y^33^mm 

TOPi-5i, ^SB?^e^l34^ff^^n5o roil, ^ 
A^aSS/WS^ K ^A-*iti#5500msT-fc5<i:#\ *I 

^ 9 il L/l^^^-ftL 1 100nm~50nm(D t. 

[0 0 3 1 ] 13 (c)l:fc^t, i*£f£r??tmBE^ 

tIL> Ga:&4:0 : As5H : -£££-fftlSU H:^15nniC0GaAs 
^t°^*->-^^a*l!ig35SrMBEfi!cft-rS„ rcot#, 
Ht)IE«SiiW^e34Wii:±-e(4GaAs<7>^ft^3j5Si'^i:lc 



#j30nm, gH$^3nm-e*>o^ 0 &&?*<rmW£tel&mm 
(4, ^©t^^ffc5i«\ BfifB^mffl/j^jg^s 

[0032] IH 3 (d) KfcV vf, fi&fflj££rfl| 

x.(4450 < C(Cp£?& U Sms^SIWTTin^^ 

sr , 09 7L (4 inAs t c&g l T2 v > l m^m L X , 

^cS0ffi^-36W^{c:inAs<Di^ Ky b37&tel$rtZ> 0 r<75 
^, As^i»«©Hg#tE^;i:L-C«4, 5xl0 -5 TorrgJ^ 
_t (ii^MBEJEK*-CfflV>5 2fg£AJi) ©ffiVSEASr/Bl^ 

[0 0 3 3] i3(e)l:fcPt, GaAs^-VyT" 

«38^MBEfi)cSL, InAs Ky hSrffifeiitfr tt^Dt 

[0 0 3 4] B4lt *»M<OKl«>*lfc«fcJ:6»^ 

|H (b) COHV >ft R f±, r. CO^GaAs 1 5nm/£* L fc 
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